Phospholipase D signaling in ischemic heart.
Phospholipase D (PLD) activity was found to be present in the membrane fraction of rat myocardial cells by in vitro assays (36.7 +/- 4.1 nmol/mg protein per h against 1-palmitoyl-2-arachidonoyl- phosphatidylcholine) and demonstrated in intact cells by the specific transphosphatidylation reaction (in the presence of 0.02% ethanol) quantitated using n-[1-14C]butanol (201.16 +/- 7.1 pmol/min per g dry weight in the whole heart). Both methods showed a significant increase in PLD activity (by 62 and 44%, respectively) in hearts subjected to reversible (30 min) global normothermic ischemia followed by reperfusion (30 min). In hearts prelabeled with [1-14C]arachidonic acid, ischemia/reperfusion induced a significant increase in the amount of radiolabel incorporated into phosphatidic acid (PtdOH) (by 49.6%) and diacylglycerol (DG) (by 259%). DG kinase inhibition by 100 microM dioctanoylethylene glycol did not affect the ischemia/reperfusion DG and PtdOH levels while PtdOH phosphohydrolase inhibition with 40 microM propranolol produced a further increase in PtdOH (to 2.36-fold the baseline level) and a reduction in DG (to only 145% over the baseline levels). Put together, all these results suggest an activation of PLD during myocardial ischemia/reperfusion generating intracellular PtdOH, part of which is converted by PtdOH phosphohydrolase to DG. We further investigated the possible pathophysiological significance of the observed PLD activation. Stimulation of PLD with sodium oleate (20 microM) induced a significant improvement of functional recovery of ischemic hearts during reperfusion (as monitored by coronary flow and left intraventricular pressure measurements) and an attenuation of cellular injury as expressed by lactate dehydrogenase and creatine kinase release in the coronary effluent during reperfusion. These results suggest a PLD-mediated signaling in the ischemic heart which may benefit functional recovery during reperfusion.